To better understand the magnetic field dependent Brillouin Light Scattering (BLS) signal as shown in Fig. 3a of the main text, the spin wave (SW) amplitude as a function of magnetic field was calculated using the eq. (34) in a classic paper by Kalinikos [S1] . We show that there is a small difference between and , defined as the magnetic field corresponding to the BLS signal peak and the lowest transversely quantized uniform precession mode along the waveguide, respectively. We express the eq. (34) in the Cartesian coordinate and only consider the magnetization component perpendicular to the film since it dominates the BLS signal particularly for light at small incident angles as in our experiments [S2]. Because the thickness of the waveguide is 10 nm, we use the approximation of where is the in-plane wave vector and is the thickness of the magnetic film. For the Damon-Eshbach spin-wave mode, the mode profile along thickness direction is essentially uniform for the 10nm-thick film, thus only the mode with uniform profile along the thickness direction was considered. We further modify the eq.
S1. Simulated BLS intensity as a function of magnetic field
To better understand the magnetic field dependent Brillouin Light Scattering (BLS) signal as shown in Fig. 3a of the main text, the spin wave (SW) amplitude as a function of magnetic field was calculated using the eq. (34) in a classic paper by Kalinikos [S1] . We show that there is a small difference between and , defined as the magnetic field corresponding to the BLS signal peak and the lowest transversely quantized uniform precession mode along the waveguide, respectively. We express the eq. (34) in the Cartesian coordinate and only consider the magnetization component perpendicular to the film since it dominates the BLS signal particularly for light at small incident angles as in our experiments [S2] . Because the thickness of the waveguide is 10 nm, we use the approximation of where is the in-plane wave vector and is the thickness of the magnetic film. For the Damon-Eshbach spin-wave mode, the mode profile along thickness direction is essentially uniform for the 10nm-thick film, thus only the mode with uniform profile along the thickness direction was considered. We further modify the eq.
(34) to include the quantization effect along the waveguide width direction by putting √ , where ( is the width of waveguide and the index n refers to the quantization along the width direction) and is the wave vector along the waveguide direction. For the single stripe antenna, when we assume a perfectly pinned boundary condition for the waveguide, only n = odd modes are excited. The zcomponent of dynamic magnetization is given by (the coordinate system defined in Fig. 1 of the main text), S1) where the terms higher than 3 rd order were ignored because of their small amplitudes and
( ) (S4) Where is the decay rate and is the damping constant. We assumed vanishing SW amplitudes at the edges of the waveguide, corresponding to the perfectly pinned boundary condition. The antenna fields due to a single strip antenna and their Fourier Transforms of in-plane component ( ) and out of plane component ( ) are shown in Fig. S1 . When k goes to zero, eq. (S2) becomes the eq. (1) of the main text, which corresponds to the uniform precession frequencies for each transversely quantized mode.
Using eq. (S1), we fit the measured field dependent spectra ( ) (e.g. Fig. 3a of the main text) using and an overall amplitude as fitting parameters. Other parameters are fixed as ( ) , , , ( ) , and the spatial coordinate that corresponds to the detection point (the center of waveguide and 2 away from the edge of antenna). The exemplary plot for is shown in Fig. S2a . This example demonstrates that the simplified calculation without treating as a function of DC and the applied magnetic field H reproduces the measured spectrum reasonably well. The fitting process was repeated for each DC and the fitted obtained by the least square error method is shown in Fig. S2b . With the extracted , we can calculate the H field for the uniform precession of the lowest transversely quantized mode, , with the eq. (1) 
S2. The effect of multiple SW modes excited by the antenna
In the manuscript, we assume that the BLS signal arises mainly from a single propagating SW mode, the lowest, transversely quantized mode. We consider if our conclusion would change when taking into account more than one SW mode present in the waveguide investigated here. First, the presence of multiple SW modes cannot qualitatively explain our observed change in BLS amplitude. This point has already been demonstrated by experiments conducted on the control sample CoFeB(10)/Ta(1) shown in Fig. 5 of the main text and the control sample CoFeB(10)/Cu(10). These control samples have the same waveguide geometry, thus the same SW modes. Yet, the experimental observations are markedly different from the sample of interest CoFeB(10)/Ta(10).
Next, we examine how our quantitative analysis would change if we consider more than one SW modes. Specifically, we calculate the change of decay rate ( ) considering two lowest transversely quantized modes (n=1 and n=3 modes). This analysis is rather illustrative because other possible SW modes would have much smaller amplitude for the excitation method used and the frequency range investigated. Compared to the case when only n=1 mode was considered, was only modified by about 2% when two modes were considered as demonstrated below.
The SW amplitude at a position can be written as Where and are the SW amplitudes for n=1 and n=3, respectively. , , and are the wave vectors and group velocities corresponding to n=1 and n=3. The decay rate is assumed to be the same for both modes and is related to damping by eq. (S4).
The coupling efficiency to higher modes decreases with , thus approximately [S3] . The BLS signal is proportional to the intensity of the SWs. Thus, the BLS intensity from n=3 modes is reduced by almost an order of magnitude in comparison to n=1 mode. Nevertheless, we explicitly calculate the change introduced by including n=3 mode. Because the SW amplitude is affected by DCs through the change in , we write the SW amplitudes as ) where ( ) is the SW amplitude for the positive (negative) DC. To find group velocities for the two modes, and , we first calculate the SW dispersion curves at each DC. Examples of dispersion curves and group velocities for n=1 and n=3 are calculated based on eq. (S2) (a quantized version of eq. (45) in [S4] ) and shown in Fig. S3a and Fig. S3b for and at .
With increasing DC, Joule heating causes the dispersion curves to shift toward lower frequency due to decreasing , which can be obtained by fitting the field dependent spectra at each DC shown in the section S1. This shift of dispersion curve leads to a change in the wave vectors and group velocities for fixed SW frequency. The calculated values are listed in Table 1 . We note that the difference between two 's for opposite directions of DCs is negligible within the error bars and we take the average of two 's. Fig. S4 . 's are decreased approximately by 2% when both n=1 and n=3 modes are considered. The difference is so small that we decide not to include this discussion in the main text.
S3. The effect of the Oersted field
The presence of the Oersted field may change the characteristics of SW. One may question if our observation can be explained by the Oersted field. In order to address this concern, we investigate a different waveguide structure made of CoFeB(10)/Cu(10) on a silicon substrate. As expected, the magnetic field dependent BLS spectrum was shifted due to the Oersted field as shown in Fig. S5a . The H field corresponding to the peak in each spectrum as a function of DC was shown in Fig. S5b . An overall shift of ~7 Oe between -6mA and 6mA was observed. To estimate the Oersted field, we assume that most of the current flows through the Cu layer because of much higher conductivity of Cu than that of CoFeB. With the width of the waveguide and the DC range of this measurement , we obtain the overall shift due to the Oersted field . We used low values of DCs here because the Oersted field generated in CoFeB(10)/Cu(10) (~ 3.7 Oe) at 6mA is comparable to the Oersted field in CoFeB(10)/Ta(10) at 10mA (~ 3.9 Oe).
To estimate the change of BLS intensity due to the shift of spectrum, we plot the change in amplitude at obtained by subtracting two DCs of opposite directions in Fig. S5c . We observe about 2% or less change in SW amplitude by the Oersted field of 7.4 Oe. This agrees reasonably well with the expected change of amplitude due to the spectral shift (blue line) shown in Fig. S5c .
However, we emphasize that the SW amplitude change due to this spectral shift in the CoFeB(10)/Ta (10) is actually much smaller because we observed a very small asymmetric spectral shift (~ 1 Oe) in the CoFeB(10)/Ta(10) sample at the highest DCs. This lack of asymmetric spectral shift must have resulted from the contributions from other effects that are expected to lead to asymmetric spectral shift in the opposite direction to the Oersted field effect.
